OBJECTIVES: Delirium is a common complication in elderly patients after cardiac surgery and is associated with adverse outcomes including prolonged hospital stay and increased mortality. Therefore, prevention or early detection of delirium is indicated. Our objective was to identify preoperative and operative characteristics that could predict delirium after cardiac surgery in elderly patients.
INTRODUCTION
Delirium is a common complication in elderly patients after cardiac surgery. Estimation of the prevalence of a delirium after cardiac surgery varies between 2 and 73% [1] . In patients above 60 years, the prevalence has been reported to be in the range of 30-52% [2, 3] . Increasing numbers of elderly patients are treated with cardio-thoracic surgery, due to advances in surgical and anaesthetic techniques. With an ageing of the population benefitting from these medical advances, delirium is a growing problem after cardiac surgery. Systematic screening for the presence of a delirium in populations at risk is needed to avoid inadequate detection and, as a consequence, inadequate treatment.
Hallmark symptoms of a delirium are consciousness disturbances, concentration disorders and cognitive disorders such as disorientation, memory disturbances and hallucinations. The motoric presentation of a delirium may vary from an apathetic, inactive state to an agitated, hyperactive state. The variability of presentation, abrupt onset and fluctuating course can make recognition of a delirium difficult. According to patients, delirium and subsequent cognitive decline are among the most feared adverse events following surgery [4] . In epidemiological data, delirium is associated with increased morbidity, prolonged hospital stay, diminished functional outcome and increased mortality [5] . Preventive interventions addressing geriatric and nursing care have shown to decrease the incidence of delirium [6] , and prophylactic use of haloperidol diminished delirium severity and duration [7] .
Well-established risk factors for delirium are age and medical co-morbidity. In addition, cardio-thoracic operative risk factors, which are included in the EuroSCORE (European System for Cardiac Operative Risk Evaluation), are associated with both mortality and delirium after cardiac surgery [2, 8, 9] . Furthermore, we assume that increased duration of surgery increases the risk for delirium, as it is an indicator of the complexity of the procedure and severity of the cardiac disease [10, 11] . The duration of surgery is also associated with an increase in the embolic load to the brain after extracorporeal circulation (ECC) [12] and increased chemokine release [13] .of this study is to identify preoperative and operative characteristics that enable us to predict delirium after cardiac surgery in elderly patients.
MATERIALS AND METHODS

Subjects
Between April 2005 and April 2008, all patients aged 70 years and older, who were scheduled to undergo cardiac surgery at the Department of Cardiothoracic Surgery of the Erasmus MC, were eligible to participate in our prospective cohort study. The patients were invited to participate in the study after having received detailed information in both oral and written form.
Exclusion criteria were surgery in which 'deep hypothermia', circulatory arrest or an emergency procedure was required and patients with signs of a pre-existing delirium or who were not able to speak sufficient Dutch or refused to provide written informed consent. The study protocol was approved by the Medical Ethics Committee of the Erasmus MC and conducted in accordance with the criteria of Good Clinical Practice (Declaration of Helsinki, 2004) and Dutch legal regulations for studies in humans.
Procedure
Before surgery, demographic and medical characteristics, such as the medical history, were recorded. The Charlson co-morbidity index (CCI) and the EuroSCORE were used to measure medical co-morbidity and specific cardio-surgical risk factors and operative mortality risk, respectively [14, 15] . General cognitive functioning was measured using the Mini-Mental State Examination (MMSE) [16] . The presence of a pre-existing delirium was assessed using the Confusion Assessment Method-Intensive Care Unit (CAM-ICU) [17] , which applies the definition of delirium in the Diagnostic and Statistical Manual of mental disorders fourth edition (DSM-IV) [17] . Delirium is defined as a neuropsychiatric disorder of acute onset, with disturbances of consciousness, attention, cognition and/or perception, not better accounted for by a pre-existing, established or evolving dementia, which tends to fluctuate during the course of the day. In addition, venous blood samples were obtained for routine preoperative screening and research-specific measurements. All relevant metabolic and electrolyte disturbances were corrected prior to the surgical procedures.
On the night before surgery, all patients were prescribed temazepam (10-20 mg) followed by lorazepam (1 mg) just before the surgical procedure. Standardized anaesthetic management was used in all patients, as described previously [18] . In short, anaesthesia was induced by midazolam (0.1 mg/kg) and sufentanil (2 μg/kg). Muscle relaxation was with pancuronium (0.1-0.2 mg/kg) and was not reversed. After intubation and the start of ventilation, a central venous line was inserted through the right internal jugular vein. Anaesthesia was maintained with propofol (2-4 mg/kg/h) and sufentanil (1 μg/kg) as needed. Antibiotic prophylaxis was given with cefazoline for 24 h. None of the patients received corticosteroids. During the surgical procedure, operative characteristics were recorded, including the type of surgical procedure [e.g. coronary artery bypass grafting (CABG), valve surgery or both], the duration of the surgical procedure, the ECC time and the aorta crossclamp (AoX) time.
Postoperatively, pain medication consisted of intravenous morphine (starting dose 0.0125 mg/kg/h). The patients were assessed daily, between 10.00 and 12.00 h, in order to prevent possible bias due to circadian rhythms or care programmes. The assessments were done by a senior psychiatrist and/or trained researchers. In these assessments, the medical and nursing records of the preceding 24 h were evaluated. The presence of a delirium was diagnosed using the CAM-ICU. We predefined that a delirium lasting more than 1 day, as assessed using the CAM-ICU, would be considered clinically relevant. The first day after surgery was not taken into account because of possible protruded effects of the anaesthetic procedure. Whenever a patient developed a delirium, standardized psychiatric treatment according to APA guidelines was applied [19] . In delirious patients, haloperidol was titrated to the lowest effective dose and benzodiazepine use was diminished or stopped. In the case of severe insomnia, mianserin (10-30 mg) was added ante noctem. In the case of insomnia in non-delirious patients, temazepam (10-20 mg) was used.
Furthermore, medical characteristics (e.g. the use of intravenous lines and catheters) and adverse events (e.g. rethoracotomy, deep sternal wound infection, renal failure and respiratory failure) were recorded.
The patients were assessed daily until discharge from the hospital or for a maximum of 7 days following surgery. Because the majority of the patients are discharged from the hospital within 5 or 6 days after surgery, only a few patients stayed in the hospital longer than 7 days. Finally, the 30-day mortality was recorded using data from the Dutch municipal administration.
Questionnaires and biochemical measurements
The CCI was used to assess the burden of medical co-morbidity [20] . The scale was designed to classify prognostic co-morbidity in longitudinal studies. It assesses the presence of factors associated with an increased mortality risk. The mortality rates in the original data set ranged between 12 and 85%, depending on the co-morbidity index scores.
The MMSE is a frequently used clinical tool to assess global cognitive functioning in hospital patients [16] . It consists of 11 questions and requires 5-10 min to administer. Although the test characteristics of the MMSE have been criticized (sensitivity 66-89% and specificity 78-99%), in a clinical context it proves to be a feasible tool to measure cognitive functioning, even in relatively ill patients.
The CAM-ICU [21] is a delirium detection instrument, based on the criteria for delirium according to the DSM-IV [17] . The CAM-ICU contains four items and can be administered in <5 min by trained interviewers who can be non-clinicians. A positive diagnosis requires the presence of an acute onset or fluctuating course of mental status as well as inattention and either disorganized thinking or altered level of consciousness. The sensitivity and specificity are reported to range between 92 and 100 and 83 and 100%, respectively, depending on the reference population.
The Hospital Anxiety and Depression Scale was used to measure preoperative anxiety and depression in our patients [22] .
Using routine analytic techniques, the venous blood samples were prepared to measure the blood assays. These consisted of several routine laboratory measurements, including C-reactive protein and plasma creatinine levels.
Statistical methods
Differences between the demographic and surgical characteristics of the delirious and non-delirious patients were evaluated using the χ 2 test for categorical data and Student's t-test for continuous data, if normally distributed. The Mann-Whitney U-test was used if continuous data were skewed (Kolmogorov-Smirnov test).
Univariate logistic regression techniques were used to calculate unadjusted (crude) odds ratios (ORs) with corresponding 95% confidence intervals (CIs). All predictors were tested for a linear relationship with the presence of a delirium after cardiac surgery. In the case of non-linearity, dichotomization was performed using the mean or median value of the non-delirious patient group for the cut-off value. Sensitivity analyses were used to explore the effect of alternative dichotomizations. Possible predictors of delirium were analysed by multivariable forward stepwise likelihood ratio logistic regression with 0.25 and 0.025 alpha levels for entry and removal, respectively. All significant main factors were checked for collinearity and interaction effects. Model selection was based on likelihood ratio test statistics. The goodness of fit was assessed with the Nagelkerke R 2 and the Hosmer and Lemeshow test. The model's ability to discriminate between patients with and without postoperative delirium was estimated by the area under the receiver-operating characteristic (ROC) curve. All statistical analyses were performed using SPSS for Windows (SPSS Inc., Chicago, IL, USA, version 17.0).
RESULTS
In the inclusion period, 370 patients were eligible and invited to participate in the study. Two hundred and eleven patients provided their informed consent to participate in the study. Ten patients withdrew their informed consent before the first measurement or could not comply with the protocol. Our final analyses were based on 201 subjects.
Ninety-four patients did not score positive on the CAM-ICU during the follow-up, whereas only 44 patients were CAM-ICU-positive on day 1 after surgery. According to our definition, these patients were grouped in the non-delirious group. A clinically relevant delirium occurred in 63 (31%) of the 201 patients of 70 years and older who underwent cardiac surgery. The mean delirium duration was 3.3 days. Forty-five (71%) of the delirious patients showed a continuous delirium starting after surgery, and 18 patients (29%) showed a fluctuating course of the delirium, with one or more non-delirious days within the study period. The mean age of the patients was 76.1 years, and no significant differences in age or gender between the delirious and non-delirious groups were found (76.7 vs. 75.9 years and 59 vs. 61% males, respectively; Table 1 ). The preoperative MMSE score was significantly lower in the delirious patients when compared with the non-delirious patients (27 vs. 28, P = 0.026). In addition, the preoperative creatinine level was significantly higher in the delirious group compared with the non-delirious group (98 vs. 88 μmol/l, P = 0.003).
The CCI was significantly higher in delirious patients when compared with non-delirious patients (2 vs. 1, P = 0.013; Table 1 ). When the Charlson co-morbidity score was corrected for age (CCI age), the delirious group still showed significantly higher scores when compared with the non-delirious group (CCI age: 5 vs. 4, P = 0.005). Delirious patients also showed significantly increased EuroSCORE levels when compared with nondelirious patients (logistic EuroSCORE: 7.0 vs. 5.0, P < 0.001; Table 1 ). In univariate logistic regression analyses, congestive heart failure, previous cardiac surgery, low MMSE score and high creatinine level prior to surgery and increased duration of surgery were associated with an increased risk for the development of a delirium after cardiac surgery.
The most frequently performed surgical procedure was CABG, which was performed in 130 (64.7%) patients. All procedures were on-pump except for one. In total, 71 aortic valves, 54 mitral valves and 19 tricuspid valves were repaired or replaced ( Table 2) . None of the patients underwent a Bentall-type operation. The percentage of delirium increased from 26 to 50% as the surgical procedure became more complex. The ECC time (145 vs. 113 min, P < 0.001) and AoX time (94 vs. 74 min, P = 0.001) were significantly longer in the delirious group when compared with the non-delirious group (Table 1) . Except for atrial fibrillation or flutter which was equally divided between the delirious and non-delirious groups [respectively, 33 patients (52%) vs. 72 patients (52%), P = 0.100], a higher percentage of patients in the delirious group experienced one or more complications when compared with the nondelirious group (Table 3) . Mechanical ventilation (>1 day) occurred more frequently in the delirious group compared with the non-delirious group (21 vs. 1%, P < 0.001). After surgery, circulatory support [intra-aortic balloon pump (IABP)] was used in two patients, who were in the delirious group (3 vs. 0%). Also, other adverse events were increased in delirious patients when compared with non-delirious patients (e.g. re-thoracotomy for persistent blood loss: 17 vs. 7%, P = 0.021; renal failure: 14 vs. 0%; respiratory failure: 8 vs. 0%; deep sternal wound infection: 5 vs. 1% and re-operation due to graft or valve dysfunction: 2 vs. 1%, respectively). Three patients in the delirious group experienced symptoms, which could have been caused by a transient ischaemic attack (<24h neurological deficit) or stroke. In these cases, a computed tomography scan was performed, which did not show (new) signs of cerebral ischaemia.
In addition, the 30-day mortality was significantly increased in the delirious group with nine patients (14%), compared with none (0%) in the non-delirious group. The causes of early death (<30 days) were: three cases of pneumonia, two of mesenteric ischaemia, one sudden cardiac death, one heart failure, one heart failure in combination with sepsis and in one patient the death cause remained unknown. Another three patients died later during their hospital stay due to heart failure (n = 2, respectively, 33 and 53 days after surgery) and respiratory insufficiency (n = 1, 118 days after surgery). All the patients who died within 30 days after surgery or later during the hospitalization showed a clinically relevant delirium.
In a multiple logistic regression analysis, three independent risk factors of postoperative delirium were identified (Table 4) 
DISCUSSION
Patients, who developed a delirium after cardiac surgery, showed a lower cognitive functioning before surgery as measured with the MMSE, increased co-morbidity and increased EuroSCORE IABP, intra-aortic balloon pump; ICU, intensive care unit; IQR, interquartile range; re-thoracotomy, for persistent blood loss; re-operation, dysfunction of graft or valve; renal failure, need of dialysis; respiratory failure, need of re-intubation. a Statistical testing hampered or impossible due to low or zero values. b Causes of death: pneumonia (n = 3), mesenteric ischaemia (n = 2), sudden cardiac death (n = 1), heart failure (n = 1), heart failure in combination with sepsis (n = 1) and unknown (n = 1).
when compared with patients who did not become delirious. The surgical procedures were more complex in delirious patients when compared with non-delirious patients, and the duration of ECC and AoX time was longer. After surgery, the delirious group experienced more adverse events, and these adverse events could have contributed to the causative factors of a delirium. Moreover, the delirious patients showed an increased 30-day mortality rate. A delirium incidence of 31% was found in patients of 70 years and older. This incidence is in the low range when compared with other studies with elderly populations [3, 23] .
Age is a well-established predictor for the occurrence of a delirium [2, 8, 9] . In our study, the delirious group was, on average, 0.8 years older than the non-delirious group. This difference was, however, not significant and might be explained by the relatively small age range of participants in this study (e.g.
70-85 years).
Although it is not certain why elderly patients, in particular, are at risk for the development of delirium, there are several hypotheses. For example, age is associated with increased atherosclerosis and endothelial dysfunction [23] . As a consequence, elderly patients have an increased risk of cerebral embolization. Furthermore, cerebral atherosclerosis combined with postsurgical inflammatory changes may inhibit cerebral blood flow [13] . There are also neurochemical factors predisposing elderly patients for a delirium, such as lack of cholinergic reserves [13] . This risk will be provoked by commonly used medications with anticholinergic activity such as ipratropium and opiate analgesics.
In our study with elderly patients, we found three independent predictors of postoperative delirium after cardiac surgery: reduced preoperative MMSE score, increased creatinine level and increased ECC time.
The presence of creatinine level in our multivariate model suggests that renal dysfunction is an important factor. Renal dysfunction has been identified as an important risk factor of mortality after cardiac surgery [15, 24] and has been described previously as a predictor of delirium [2] . It frequently reflects poorly controlled hypertension and diabetes or, in general, more severe and extensive vascular disease. Early attention to correct renal function may help prevent development, persistence or severity of delirium.
Prior decreased cognitive function (low MMSE score) is an expected risk factor for developing cognitive problems postoperatively, as well as later in life [5, 23] . However, milder degrees of cognitive impairment than the traditional threshold of an MMSE score of ≤23 also increase the risk of delirium substantially. According to our data, even elderly patients with an MMSE score of 27 or lower show an increased risk for delirium, suggesting a possible indication for prophylactic haloperidol (1-2 mg) use.
Increased duration of surgery has previously also been described as a predictor of delirium after cardiac surgery [10, 11] . This might be caused by increased chemokine release by longer duration of surgery [23] . Furthermore, the duration of the surgical procedures is a good indicator of complexity of the procedure. Longer duration of surgery and ECC time may increase the embolic load to the brain [12] .
In recently published studies, a positive correlation was found between EuroSCORE and postoperative delirium [9] . We can confirm this relationship in our study with only elderly patients. The fact that the EuroSCORE contains important risk factors for postoperative mortality explains the positive correlation.
Moreover, we confirm the known increased risk of early mortality after surgery in patients with a delirium [1, 5] . This emphasizes the importance of predicting and possible preventing of a delirium.
A limitation of the study is that it was conducted in a specific group of elderly patients undergoing cardiac surgery. This warrants carefulness in extrapolating the findings to other patient populations. Another limitation is that the patients' recollection of their own medical history was used to establish earlier diagnoses. All medical records were reviewed to minimize discrepancies due to forgetting or misunderstanding of medical facts for each subject. This has, however, no impact on the final model because MMSE score, creatinine level and ECC time were measured in our institution. Finally, a limitation is that we did not have a validation sample.
Despite these limitations, the strengths of this study are the prospective design and the relatively large population of elderly patients participating in this study. In addition, valid and reliable instruments (e.g. CAM-ICU) are used to identify patients with DSM-IV-defined delirium by experienced and trained researchers or a senior psychiatrist. Daily assessments until discharge from the hospital or until 7 days after surgery provided a detailed longitudinal follow-up of the delirious symptoms over time. Any fluctuation of delirium symptoms was recorded, ensuring the validity of the findings. Furthermore, the cardiac surgical procedures in our study consisted not only of CABG, but also of valve surgery or both. To our knowledge, this is the first prospective study clarifying the prevalence and risk factors of a delirium after cardiac surgery, specifically in elderly patients.
In conclusion, the prevalence of delirium after cardiac surgery in elderly patients is high. The three identified predictors (reduced preoperative MMSE, increased creatinine level and increased ECC time) can easily be measured and, therefore, can be used to identify patients at increased risk for postoperative delirium after cardiac surgery. In these high-risk elderly patients, preventive interventions can be taken such as geriatric assessments before surgery and usage of multicomponent prophylactic measures [6] .
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